With the adoption of the web user interface and the development of the custom-built search engine, the current version of the ADS Abstract Service was basically in place. Currently the ADS system consists of four semi-autonomous (to the user) abstract services covering Astronomy/ Planetary Sciences, Instrumentation, Physics, and ArXiv Preprints. Combined there are more than 3.7 million abstracts and bibliographic references in the system. The Astronomy Service is by far the most advanced, and accounts for about 85% of all ADS use (Eichhorn et al. 2000 , Kurtz et al. 2000 . The ADS system is described in detail in a series of four articles in Astronomy and Astrophysics Supplements: Accomazzi et al. 2000 , Eichhorn et al. 2000 , Grant et al. 2000 , Kurtz et al. 2000 . Details of the data handling are given in the box "Data in the ADS".
User interfaces
The ADS services are usually accessed through a forms-based interface. Other interfaces are described by Eichhorn et al. 2000 . The main query form -the search form -provides access to the different abstract databases. This form is generated on demand by the ADS software. This allows the software to check user identification through the HTTP (HyperText Transfer Protocol) cookie mechanism, so that the software can return a customized query form if one has been defined by the user. It also adapts parts of the form according to the capabilities of the user's web browser.
The query form allows the user to specify search terms in different fields. The input parameters in each query field can be combined in different ways, as can the results obtained from the different fields. The user can specify how the results are combined through settings on the query form. The combined results can then be filtered according to various criteria.
The database can be queried for author names, astronomical objects names, title words, and words in the abstract text. References can be selected according to publication date. The author name, title and text fields are case insensitive. The object field is case sensitive when the IAU (International Astronomical Union) Circulars object name database is searched, since the IAU object names are case sensitive. In the author and object name fields, the form expects one search term per line since the terms can contain blanks. In the title and text fields, line breaks are not significant.
The database is searched for the specified words as well as for words that are synonymous with the specified term. One crucial part to successful searches in a free text search system is the ability to find not only words exactly as specified, but also similar words. This starts with simply finding singular and plural forms of a word, but then needs to be extended to different words with the same meaning in the normal usage of words in a particular field of science. In astronomy for instance "spectrograph" and "spectroscope" have basically the same meaning and both need to be found when one of these words is specified in the query. Even further reaching, more discipline-specific synonyms are necessary for efficient searches such as "metallicity" and "abundance", which have the same meaning in astronomical word usage. In order to exhaustively search the database for a given term, it is important to search for all synonyms of a given The Astrophysics Data System (ADS) has been on-line on the web now for 10 years. It is the search system of choice for astronomers worldwide. The searchable database contains more than 3.7 million bibliographic records. In addition the ADS has almost 2.6 million scanned article pages from more than 340 000 articles, dating back as far as 1821. There are currently more than 10 000 regular users (more than 10 queries/month). ADS users issue 2 million queries per month and receive 30 million records and 1.5 million scanned article pages per month. One important aspect of the ADS is the system of links to other data providers: there are currently 6.8 million links to other on-line resources. The ADS is accessed from almost 100 countries with a wide range of the number of queries per country. In order to improve access from different parts of the world, there are 11 mirror sites of the ADS in Argentina, Brazil, Chile, China, England, France, Germany, India, Japan, Russia, and South Korea. Automatic procedures facilitate keeping these mirror sites up-todate over the network. The ADS is funded by NASA Grant NCC5-189. The ADS is available at ads.harvard.edu.
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word. The list of synonyms was developed manually by going through the list of words in the database and grouping them according to similar meanings. This synonym list is an important part of the ADS search system and is constantly being improved (see Accomazzi et al. 2000) .
The ADS system was designed for expert astronomers. It provides sophisticated options that allow for a great variety of search types. The default query parameters were selected to yield the best results for normal use. The general philosophy for the design of the search system and the default options was to favour recall over precision. This means that the ADS will usually return more results that may be marginally interesting rather than restrict the results very tightly. This allows the astronomer, rather than the ADS, to make the decision about what is important and what is not.
Display of search results
The ADS system returns different amounts of information about a reference, depending on what the user request was. This section describes the different reference formats. In the Short Reference Display, the list of references returned from a query is displayed in a tabular format, sorted by score first. For equal scores, references are sorted by publication date with the latest publications displayed first. The returned information includes the list of authors, the title, the bibliographic identifier of the article, and a list of links to other on-line resources associated with this article.
The Full Abstract Display includes, in addition to the information in the short reference list, the journal information, author affiliations, language, objects, keywords, abstract category, comments, origin of the reference, a copyright notice, and the full abstract, where available. It also includes all the links described above.
For abstracts that are displayed as a result of a search, the system will highlight all search terms that are present in the returned abstract. This makes it easy to locate the relevant parts in an abstract. Since the highlighting is somewhat resource intensive, it can be turned off in the user preference settings. For convenience, the returned abstract contains links that allow the user to retrieve directly the BibTeX or a custom formatted version of the abstract.
The full abstract display also includes a form that allows the user to select information from the reference to build a new query to find similar abstracts. The query feedback mechanism makes in-depth literature searches quick and easy. The user can select which parts of the reference to use for the feedback query (e.g. authors, title, keywords, or abstract). The feedback query can either be executed directly, or be returned as a query form for further modification before executing it, for instance to change the publication date range or limit the 
ADS data handling
The abstracts in the ADS come from many different sources (see Grant et al. 2000) . The original set came from the NASA STI database. It now receives basic bibliographic information (title, authors, page number) from essentially every journal of astronomy. Most publishers also send abstracts, while others allow their journals to be scanned. For these journals abstracts are built through optical character recognition. Abstracts are also received from the editors of conference proceedings and from individual authors.
As of March 2004 there are about 988 000 astronomy references indexed in the ADS, the database is nearly complete for the major journals articles beginning in 1975. In the physics database there are about 1.6 million references, and in the instrumentation database there are about 707 000 references. More than half of all references have abstracts, the rest have only titles, authors and journal information.
Scanned articles
The ADS has obtained permission to scan, and make freely available on-line, page images of the back issues of almost all journals that are published by astronomical societies. In addition one commercial publisher, Kluwer, has given permission to scan all their astronomy journals.
It is planned to provide for each collaborating journal, in perpetuity, a database of page images (bitmaps) from volume 1 page 1 to the first issue that the journal considers to be fully on-line as published. This will provide (along with the indexing and the more recent archives held by the journals) a complete electronic digital library of the major literature in astronomy. On a longer term, old observatory reports and defunct journals will be scanned to have a full historical collection on-line. So far about 300 000 pages have been scanned in a collaboration with the Wolbach Library at the Harvard-Smithsonian Center for Astrophysics and the Harvard Preservation Project. About 1 million pages will be scanned in this part of the project.
Full text
The scanned articles provide an extremely valuable resource by themselves. However, having them searchable was another important goal of the ADS. The scanned page images have been converted into text through optical character recognition and indexed this text to make it searchable. This allows users to search the complete scanned articles in the ADS. Negotiations with the different journals should yield permission to add the full text of the electronic articles to the full text database. This would then allow users searchable access to the complete astronomical literature.
Links
The ADS responds to a query with a list of references and a set of hyperlinks showing what data are available for each reference (see Eichhorn et al. 2000) . There are about 6.8 million hyperlinks in the ADS, about half of which are to sources external to the ADS project. The largest number of external links are to SIMBAD, the NASA Extragalactic Database, the Space Telescope Science Institute, and the electronic journals. A rapidly growing number, although still small in comparison to the others, are to data tables created by the journals and maintained by the CDS. These links are an extremely important aspect of the ADS. A more detailed description of resources in the ADS that these links point to is provided by Grant et al. 2000 .
Citations and references
The use of citation histories is a well known and effective tool for academic research. In 1996 the American Astronomical Society purchased a subset of the Science Citation Index from the Institute for Scientific Information, to be used in the ADS; this data set was updated in 1998, and again in 2004. This subset only contains references that were already in the ADS, thus it is seriously incomplete in referring to articles in the nonastronomical literature. This citation information from ISI spans January 1982 -January 2004. The electronic journals all have machine-readable, web accessible, reference pages. The ADS points to these with a hyperlink where possible. Several publishers allow use of their reference lists to maintain citation histories; this is done using reference resolver software. The same software is also used by some publishers to check the validity of their references, pre-publication.
The American Physical Society provided tables of contents, abstracts, and reference lists for the complete Physical Review series. This added another 3 million references to the ADS. Additionally optical character recognition is used to create reference and citation lists for the historical literature, after it is scanned. All the different sources form reference information that has provided over 10 million references and added over 13.4 million parsed references to the ADS citation database. search to specific journals. This query feedback mechanism is a powerful means to do exhaustive literature searches and distinguishes the ADS system from most other search systems. A query feedback ranks the database against the record used for the feedback and sorts it according to how relevant each reference is to the search record. The query feedback can be done across databases. For instance, a reference from the astronomy database can be used as query feedback in the preprint database to see the latest work in the field of this article.
If the article for the current reference has been scanned and is available through the ADS Article Service (see below), printing options are available in the abstract display as well. These printing options allow the printing of the article without having to retrieve the article in the viewer first.
The Full Article Display normally shows the first page of an article. Below the page image are links to every page of the article individually. This allows the user to access directly any page in the article. Wherever possible, plates that have been printed separately in the back of the journal volume have been bundled with the articles to which they belong for ease of access. The next part of the displayed document provides access to plates in that volume if the plates for this journal are separate from the articles. Another link retrieves the abstract for this article.
The next part of the page allows the printing of the article. If the browser works with HTTP persistent cookies, there is just one print button in that section with a selection to print either the whole paper or individual pages. This print button will print the article in the format that the user has specified in their preferences. If the browser does not handle cookies, several of the more commonly used print options are made available here.
All possible printing options can be accessed through the next link called "More Article Retrieval Options". This page allows the user to select all possible retrieval options. These options are described in detail by Eichhorn et al. 2000 .
The option "myADS" allows our users to specify several authors and two subject queries that are stored by the ADS. These queries are executed every time the ADS databases are updated, and the results are emailed to our users. This allows our users to keep up-to-date easily with the current literature. You can access this notification service at myads.harvard.edu.
Other interfaces and mirrors
There are several forms available to find references or articles and other relevant information. All these query forms return the short reference format as described above. One form allows access to references by specifying the journal/ volume/page of the article or the bibliographic code: adsabs.harvard.edu/bib_abs.html.
This form allows the user to retrieve abstracts by specifying directly a bibliographic code or the individual parts of a bibliographic (year, journal, volume, page) . This can be very useful in retrieving references from article reference lists, since such reference lists generally contain enough information to use this form. The form also accepts partial codes and returns all references that match the partial code. It accepts the wildcard character "?". The "?" stands for one character in the code. For partial codes that are shorter than 19 characters, matching is done on the first part of the bibliographic codes. For instance, "1989ApJ…341?…1" will retrieve the articles on page 1 of the ApJ (Astrophysical Journal) and ApJ Letters volume 341, regardless of the author name.
The ADS is mirrored worldwide at 12 sites. Setting up a mirror site is fairly easy. The hosting institution has to provide a server and an internet connection. Such an abstract mirror site can now run on a Linux PC with 30 Gb of disk space. A partial article mirror site can run on as little as 100 Gb of disk space. If you are interested in having a mirror site, please contact the first author at gei@cfa.harvard.edu for detailed requirements.
Use of the system
The ADS is used by a large majority of professional astronomers worldwide on a daily basis, as well as by many other researchers and nonscientists. This section shows some of the access statistics of the ADS. Usage of the ADS has been continuously increasing since its start in 1993.
In February 2004, 86 000 users made over 2.1 million queries, and received 30 million bibliographic references, 340 000 full text articles and 2.2 million abstracts, as well as citation histories, links to data, and links to other data centres. Of the 340 000 full-text articles accessed through the ADS, 50% were via pointers to the electronic journals.
ADS users access and print (either to the screen, or to paper) more actual pages than are printed in the press runs of any journal in astronomy. In March 2004, 1.4 million page images were downloaded from the ADS archive of scanned bitmaps. About 75% of these were sent directly to a printer, 22% were viewed on the computer screen, and 2% were downloaded into files; viewing thumbnail images make up the rest. In total, the usage from US hosts is about 1/3 of the total usage of the ADS, 1/3 is from Europe, and 1/3 is from the rest of the world.
Conclusion
The ADS provides access to most of the astronomical literature. The system includes an extensive system of links to relevant on-line information. It has profoundly changed the way astronomers do their research by allowing the scientist to locate information easily in the literature and associated on-line data. We hope that it will continue to facilitate astronomical research, in particular in countries that do not have easy access to libraries with astronomical literature. It should also allow new studies of the historical literature that are so far difficult or impossible.
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ADS in action
Here are some examples of the ADS in use. Enter "Carrington, R" in the author field, select "Require author for Selection", enter "Sun" in the text field, select "Require text for Selection", and select "Sort by date (oldest first)". The 11th article in the list is the first discovery of a solar flare by R C Carrington: Description of a Singular Appearance seen in the Sun on September 1, 1859 Monthly Notices of the Royal Astronomical Society 20 13-16.
Or go to the Full Text search page, to the Advanced Search form, enter "Pluto" in the search field and select "Sort by oldest first". The sixth article in the results list is an article by S C Chandler in The Observatory 21 449-450 (1898), suggesting the name Pluto for the newly discovered planet. This name was eventually adopted for the real ninth planet when it was discovered 32 years later in 1930.
To see an example of the very latest literature, enter "2003 VB12" in the text field, select "Combine with AND", and select the Astronomy and Preprint database. The result shows an article in the Minor Planet Electronic Circulars with the orbital elements of this new asteroid, and one in the ArXiv preprint system that tries to explain the peculiar orbit of the asteroid.
